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BIOLOGICALLY ACTIVE N-ACYLPROLYLDIPEPTIDES
HAVING ANTIAMNESTIC, ANTIHYPOXIC AND
ANOREXIGENIC EFFECTS

BACKGROUND CF THE INVENTION

Nootropic agents (cognitive enhancers) constitute a promising group

of medicines. Known nootropic agents include piracetam (N-carbamido-methyl-
pyrrolidone-2), which was introduced into wide medical practice in the early
1980s. Other N-substituted-2-pyrrolidones (e.g. etiracetarn. oxiracetam, aniracetam,
pramiracetam, rolziracetam, etc.) have been synthesized.

U.S. Patent No. 4,743,616 to Tanaka ct al. describes N-acyl
pyorolidine compounds having endopeptidase inhibitory activity and which are
reported to exhibit antiamnestic €ffects. Unlike the piracetam derivatives, the
compounds described by Tanaka et al. contain a proline group.

Biologically acti\}e N-vter‘minal pvroglutamic acid compounds having

the formula:

o) R
A I
0= u C—NHCHCONH,

have been reported by T. Gudasheva and R. Ostrovskaya (Chem. Pharmac. J.,
1985, N 11, pp. 1322-1329). Another reported (T. A. Gudasheva et al.,, Chem.
Pharmac. J. 1988, N 3, pp. 271-275) biologically active compound is

N-acylproline having the formula:

O

( | ICI_NH2

N

R’C\\O
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A substantial need exists for hxghly ‘active and nontoxic nootropic
agents whxch can be used for tIeatment of mental decline, caused by different

damaging factors. ' The present invention is directed to addressing thls need.

SUM'V[ARY OF THE INVENTION

The present mvennon relates to a novel croup of compounds which

possess different types of psyc_:hotr_c_)pxc activity, parucularly_ antiamnestic,

antihypoxic and anorexigenic. effects. The invention also relates to a-method for

chemical synthesis of such novel compounds as well as their use as drugs for .

treatment, especially of different forms of memory disturbances.

The present invention provides N-acyl-prolyldipeptides of the formula:

o R D

0 o
Q\c_NHCIH(CHZJ lcI ci1)

o=C-R' R3

-wherein: R! = (C,-Cy) alkyl, éycIoalkth aralkyl, or afyl;

R*=H, (C- ) atkyl, carbamidoalkyl;: or carbalkoxyalkyl;

 R® = NH,, NH@lkyl), NalkyD),, OH, or alkoxy, and n = 03,

' preferably 0-2

In the compound represented by Formuila 1, R' is preferably selected
from the group consisting of 1sobuty1, pentyl, 1-adamantyl phenyl, phenylmethyl

and phenylpropyl, and more preferably selected from the group consisting of

' phenylmethyl and phenyl. R’ is preferably selected from the group consisting -of

amino (NH,), methylamino. (NHCH,) dimethylamino (N(CH,)Q hydroxy (OH), and
ethoxy (OCH,), and more preferably selected from the group consisting of amino
and ethoxy '

Compounds of Formula 1 differ from known riootropic agents in that
the compounds. of Formula 1.contain in their structure a residue of the natural

arnino acid, L-proline (instead of'py'rrolidone), together with a residue of a second .

L2
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- natural amino acid. These N-acyl-L-proline derived dipeptide compounds have an

extremely low toxicity and are highly active.

Following are compounds illustrative of the scope of this invention:
N-phenacetyl-L-prolylglycine ethyl ester
N-phenacetyl-L-prolylglycine amide
N-phenacetyl-L-prolyl-B-alanine ethyl ester
N-phenylacétyl-L—pro]yl-B-alanine amide
N-phenylacetyl-L-prolyl-L-aspartic acid diethyl ester
N-phenylacetyl-L-prolyl-L-asparagine amide

=
o

N-benzoyl-L-prolylglycine ethyl ester
~ N-isovaleryl-L-prolylglycine ethyl ester
N-phenylacetyl-L-prolyl-L-valine ethyl ester
N-benzoyl-L—pro]yl-l;-valine ethyl ester
N-benzoyl-L-prolyl-B-alanine ethyl ester
15 N-benzoyl-L-prolyl-B-alanine amide
N-benzovi-L-prolylglycine amide
N-phenylacetyl-L-prolylglycine N-methylamide
N-phenylacetyl-L-prolylglycine dimethylamide
N-phenylacetyl-L-prolyl-L-glutamic acid diethyl ester

RNV I ISR

20 N-phenylacetyl-L-prolyl-L-leucine amide
XVII.  N-phenylacetyl-L-prolylglycine
XIX. N-phenylacetyl-L-prolvl-GABA methylester
XX.  N-phenylacetyl-L-prolyl-L-alanine ethyl ester
XXI. N-caproyl-L-prolylglycine ethyl ester
25 XXII.  N-(l-adamantoyl)-L-prolylglycine ethyl ester
XXII.  N-phenylbutiryl-L-prolyl-glycine ethylester

The present invention is also directed to a pharmaceutical

compositions and methods of medical treatment that include as an active substance

a3
D

a pharmacentically effective amount. of an N-acviprolyldipentide of Formula 1,

as defined above, preferably a compound of the formula:

R' - f'? - L-Pro - Gly - R?
35 0
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wherein R' is preferably selected from the: group consisﬁng of iso-butyl, pentyl,
1-adamantyl, phenyl, phenylmethyl, and pheﬁylp:opyl; and R? is preferably selected

 from the group consisting of NH,, NHCH,, N(CH,), OH, and OCH,. More

preferably, the pharmaceutical compositions’ and methods of treatment of the

present invention include an effective dose of a compound of the formula: -

CHCH, - ?I: - L-Pro - Gly - OGH,
o |
Herein, a "pharmaceutically effective amount™ or "effective amount” is'an amount
capable of effectively treating the syndrome from which the patient suffers.

' The compounds of the [invention possess- psychotropic activity,
including antiamnestic activity,. and irﬁprbvement of cognitive function damaged
by brain trauma, intoxicatibn, aging, and hypoxia. These compounds also display
anorexigenic effect, antialcoholic actmty, and cause damuushed mental declme in
prenatally alcoholized offspnncs ,

The present invention is also directed to various methods of treating
human suffering by admxmstratmg an effecﬂve dose of the compounds of the

invention. Such methods i:iclt;de treating himan suffering from mental decline

‘ caused by brain trauma, aging, senile dementia, and mentally retarded children;

obesity; chemical toxicity CNS effects, preferably caused by lead poisoning; sickle
cell anemia; benzodiazepine withdrawal syndrome, which is manifested by

aggression, anxiety, and seizures; and alcohol withdrawal.

DETAILED DESCRIPTION OF THE INVENTION
Compounds according to Formula 1 above-were obtained by the well-

known methods of peptide synthesis. The ordinary :proces's for producing the

'compounds under consideration consists of combining the required amino acids by

condehsation as a rule, in the homogenous phase.

Condensauon in the homogcnous phase may be performed in the
followmg way: )

a) condensation of an amino acid having a free carboxyl group

and another protected reactive group, with an amino acid having a free amino
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group and other protected reactive groups in the presence of a condensing agent,
such as carbodiimide.

b) condensation of an amino acid having an activated carboxyl
group and another protected reactive group, with an amino acid that has a free
amino group and other protected reactive groups;

c) condensation of an amino acid having a free carboxyl group

and another protected reactive group, with an amino acid having an activated

amino group and other protected reactive groups.

'Activation of the carboxyl group may be performed by converting it
into a chloranhydride, azide, anhydride group or activated ester, such as N-
oxysuccinimide, N-oxybenztriazole, penthachlorophenylic or para-nitrophenylic
ester. The amino group may be activated by converting it into a phosphite-amide
or by resorting to the "phosphoraso” method.

- The most common techniques for the above condensation reactions
are: the carbodiimide method; the azide method; the method of mixed anhydrides;
and the method of activated esters. These methods are described in "The
Peptides”. Vol. 1, 1965 (Academic Press), E. Schroder and K. Liibke, or in "The
Peptides”, Vol. 1, 1979 (Academic Press), E. Gross and L. Meinhofen.

The preferable condensation methods of obtaining Formula 1 peptides
are the method of mixed anhydrides or the carbodiimide method.  The
condensation reaction performed by the method of mixed anhydrides is preferably
conducted under "Andersonian" conditions [G. W. Anderson et al., J. Am. Chem.
&c_., 89, 5012-5017 (1967)]. The carboxyl component (i.e., for the formation of
a mixed anhydride of N-acylproline) is preferably activated by isobutyl
chloroformate. Ethyl chloroformate and methyl chloroformate may also be used.

Preferred solvents are’ a mixture of ethyl acetate and
dimethylformamide, pure dimethylformamide, and chloroform. Preferred tertiary
bases are N-methylmorpholine, N-ethylmorpholine, and triethylamine.

The condensation reaction performed by the carbodiimide method is
preforably conducted in the picsence of saybemzowmazole [W. Komig aid R.
Geiger, Chem. Ber., 103, 788-798 (1979)]. Condensation by the carbodiimide

method may also be conducted in the presence of other additives, such as para-

nitrophenol, pentachlorphenol, or N-oxysuccinimide.
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The- reactive grouf;s that are not supposed to be involved in the
condensation reaction can. be protected by groups that can be easily removed
through Eydtoly'sis or reduction, for example. Thus, a cachxyl group may be
protected by esterification with ethanol, methanol, tertiary butanol, benzyl alcohol.
The groups that usually effectively protect an amino group are acid groups, for
exarnple: acid group from Al'iphatic “aromatic, heterocyclic carboxylic acid, such

. as acetyl, benzoyl pyridine carboxyl the acid. group from carbonic acid, such as-

ethoxycarbonyl benzyloxycarbonyl tret-butvloxycarbonyl group; or the acid group
derived from sulfoacid; such as the para-toluene-sulfonyl acid group.

Functional® beptide derivatives of Formula 1 mean: (1) N-acyl
derivatives from alipbatic or aromatic acids;-(2) esters derived from low-alkyl
alcohols; and (3) amides or monoalkyl- or dialkyl-substituted axmdes, in which the

~ alkyl groups have one or two C—atoms

During the synthes1s of the claxmed prolyl dipeptides, N-acyl
dérivaﬁves were preferably obtained through the use of proline, preliminarily
acylated by a suitable acyl group. This acyl group also functioned as a protective
group in the course of further synthesis. It is also possible to insert the desired
amine grbﬁp after the peptide synthesis by acylating the dipeptide by routine
methods. The preferred N-acyl groups -are N-phbenyl-acetyl and N-benzoyl.

' Peptide esters according to Formula 1 are preferably obtained by the

"use of an amino acid in the form of the desired ester. They inay also be obtained

by suitable esterification of the obtained peptide. Preferably, the esters are derived
from methanol or ethanol. '

Amides of the peptides' according to Founula 1 are obtained by
ammonolysis (ie., reaction with NH;) of the alkyl ester of a.corresponding
dipeptide, or by using in the reaction an amino acid in the form of the desired
amide. Amides of dipepﬁdes may also be ‘obtained by inserting an amide group
into the corresponding ‘dip‘eptide by some suitable method, for example, treatmént

with an amine in the presence of a condensmg agent. The preferable amides are

nAnenhotitutad omlr‘nb mnnnmnfﬁ;ﬂ-om-ﬂne onr‘ Aimnﬂ'lvl_omvﬁae
g~

‘The compounds of the present invention were assessed for their
ability to prevent 'memory. impairment induced- by maximal electroshock, or
scopolamine administration. Unlike N-acylpyrmrolidine compounds of the type
described by Tanaka et al., supra, ‘the. compounds of the present invention are not

s
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believed to inhibit prolyl endopeptidase activity. As is described in the Examples,
the tested compounds exhibit antiamnestic activity (Example 12). A preferred
compound having Formula I (see Table 1) was demonstrated to be able to
facilitate different phases of memory formation: acquisition of the information,
retention and retrieval in various procedures of passive and active avoidance
(Examples 12, 13). This compound was shown to be able to increase the degree
of acute habituatiion (Example 14). The Compound 1 prevents mental decline,
induced by frontal lobectomy (Example 15), prenatal alcoholization or prenatal
hypoxia (EXamplc 16) and aging (Example 17). This substance exhibited
antihypoxic activity (Example 18).

While piracetam was observed to exert some of the above-described
activities, the level of active dose for piracetam is 200-800 mg/kg. In contrast to
this, substances in accordance wifh the present invention exert their effects in a
dose between about 0.1-0.5 mg/ke.

Compound 1 described herein has an additional useful property:
anorexigenic effect (Example 19). In contrast to known anorexigenic drugs,
Compound I fails to evoke the adrenergic stimulation (excitation, increase of blood
pressure, etc.). Compound I is also nontoxic (Example 20), and éctive when
administered perorally (Example 12). Compound I was shown to be able to
diminish the syndrome of benzodiazepine withdrawal diminishing the anxiety,
aggressiveness and pentylentetrazole induced kindling (Example 21).

Substances according to the present invention can be used in any
form which is suitable for oral administration, such as pills, tablets and dragee. ‘
The presently described substances can be administered parenterally, by injection
or infusion in the form of pharmaceutical preparations composing the active
ingredient in combination with a pharmaceutically accepted carmier. The
substances of the present invention can be used for the treatment of human mental
decline, induced by brain trauma, intoxications, age-related processes, Korsakoff
syndromé, Alzheimers disease, organic brain syndrome, alcoholism including

eanatal  alanhal  Aamaca  hueaavie  emantal  entaedadicae ~Af AL oLt
AN ALY MIVWALWA  WassmimVvy  AsJ '] as ey /81 Wi WALLIMAWLL,  VUGDILY,

arteriosclerotic cerebrovascular disease, brain damage due to congenital

malformations or genetic abnormalities, chemical toxicity CNS effects including
lead poisoning, drug abuse treatment including withdrawal and abstinence
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maintenance, -and certain hematologic disorders igpluding sickle cell anemia.

. Preferably, the substances can be -used in doses of 0.5;5-.0 mg per day.

' The invention has been described with reference to various specific
and preferred embodimcnts and will be further described by reference to the
following detailed- cxamplés.' It is understood, however, that there are many
extensions, ' variations, and modifications on the basic theme of the present
invention beyoﬁd that shown in the exarﬁples and detailed description, which are

within the spirit and scope of the present invention.

, . Examples _ )
The invention is further illustrated by the following specific examples.

. The following abbreviations are used:

Pro - - prolyi'

Asp - aspartyl

Asn - asparaginyl

Val - valyl

Ala . - alanyl
B-Ala - B-alanyl.’

Leu - leucyl

Gy - glycyl

Glu - glﬁtamyl

EtOH - ethanol

MeOH _‘- . - imethanol

DMF . - dimethylformamide
DCC - dicycioheiylcarbodimide
DCU . - dicjclobexylurea .
EtAC - - ethyl acetate

BZ - - benzoyl

Ad .- l-adamantyl

'GHB; - j-onibenzinazole

BN - triethylamine

Phac - . - phenylacetyl

TLC - thin Iayer chromatography_ o
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In examples the following apparatus were used: melting points were
determined on a sulfur acid apparatus in the open capillars and were not corrected.
Specific optical rotations were recorded on automatic polarimeter Perkin-Elmer-
24]1.  Nuclear magnetic resonance spectra were obtained on AC-250 Bruker
spectrometer. Chemical shifts are expressed ppm downfield from Me,Si. For the
resonance signals the following abbreviations are used: s - singlet, d - doublet,
t - triplet, q - quartet, m - multiplet. Spin-spin coupling constants are given in
Hz. Thin layer chromatography (TLC) was performed on Merk silica gel 60F254,
plates and Spots were developed in an iodine chamber or in UF light.

In vivo experiments employed randomly bred male albino rats of
approximately 180-220 g and/or randomly bred male albino mice of about 18-22
g. In vivo alcohol tests embloyed offspring of alcoholized mo;hers" of similar
type. Wister strain male albino rats at 24-26 months were used in the experiments

with aging.

Example 1. Svynthesis of Ethyl Ester of N-phenylacetvl-L-prolyi-glycine N-
Phac-1.-Pro-Glv-OEt ().

a) N-Phenylacetyl-L-proline, N-Phac-L-Pro-OH

To 5.75 g (0.05 mole) L-proline’ in 25 ml 2N NaOH were added
dropwise under stirring at a temperature below 10°C, 12.5 ml 4N NaOH and 6.6
ml (0.05 mole) N-phenylacety] chloride (b.p. 89-90°C/10 Torr). Reaction mixture
was stirred 15 min, extracted by EtAc to remove chloride then it was acidified by
2N HCI1 to pH-~3, extracted by chloroform, dried over sodium sulfate and
evaporated. 6.2 g N-Phac-L-Pro-OH were obtained as white crystals; mp. 150-
152°C, [a]f -60.5° (c 0.4, DMF), R, 0.66 (Kiesel-gel, dioxane-water 9:1).

'H-NMR-spectrum in CDCl, § (ppm): 1.77-2.29 (m, C*H,-C'H, Pro,
4H); 3.40-3.63 (m, C°H,, Pro, 2H); 3.63 and 3.73 (each s, CH.-C;H,, 2H); 4.56
and 4.38 (each dd, C*H Pro, 1H); 7.18-7.39 (m, CH,CH., 5H); 11.38 (broad s,
COOH, 1H). Analysis Calced. for C,,H,,NO,: C, 66.93; H, 6.49; N, 6.00.

Trnnd. M LK LS. 1ITJ LK AN AT & 0L

A s Wy UUeUary A4y WTTUy A vy WiV

b) Ethyl ester of N-phenylacetyl -L-prolyl-glycine.
To solution of 2.33 g (0.01 mole) N-Phac-L-Pro-OH (m.p. 150-151°C)
in 50 ml DMF were added under stirring at -10°C, 1.39 ml (0.01 mole) Et;N and )
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. then 1.34 ml (0.01 mole) isobutylchloroformiate. In 2 minutes to reaction mixture
. were added dropwise for 25 minutes, 1.4 g (0.01 -mole)' hydrochloride of glycine

ethyl ester (m.p. 140-142°C) and solution 1.39 ml (0.01 mole) EtN in 25 ml

'DMF to avoid temperature rise. -Then stirring was prolongated to 30 min. at

cooling and 1.5 hours at room temperature. The precipitate was filtered and the

filtrate evaporated in vacuo, the residue was dissolved in CHCI,, solunon was

washed by 5% NaHCO,, water, I-N HCI and again water, dried over sodium
sulfate and evaporated. A resulting 1 66 g (54%) of cil was blended with ether
into white crystals, m.p. 96-97°C; [a],, -120°C (c 04, CHCl;) R, 0.80 (Klesel-
gel, dioxane-water, 9:1). 'H-NMR spectrum in (CD,),SO, & (ppm): 1.18 (1,
C_I-LCHO 55% 5H); 1.17 (¢, CH,CH,0, 45% 3H); 1.65-2.35 (m, C*H, - C'H, Pro,
4H); 3.2-3.4 (m; C*H,, Pro, 2H); 3.40 (s, CH.-CH,, 45% H); 3.67 (s, CH,-CH,,
55% 2H); 3.80 (d, C°H, Gly, J = 59, 55% 2H); 386 (d,J = 5. 9 C°H,Gly, 45%

2H); 4.08 (q, CH,-CH.-O, 55% ~2H). 4.09 (q, CH;-CH,-O; 45% 2H); 4.32 (dd,
CH, Pro, 55% 1H); 4.48 (dd, C°H, Pro, 45% 1H); 7.1-7.6 (m, CH,CH,, 5H);

8.29 (t, J = 5.9, NH Gly, 55% 1H); 8:63 (1, J =59, NHGly, 45% 1H). Analysis
Caled. for C,;H.N,0,: C, 64.15; H, 6.92; N, 8.80. Found: C, 63.93; H, 6.81,
N, 9.07. - '

Example 2. Szgthems of N-phenylacethzl-L-grolyI—glvcm-amlde Phac-L-
S Pro-Glv-NH, ().

N-Phac-L—Pro-Gly—OEt (O 53 g, m.p. 96—97°C [c::t]D -122.0 in CHCI,,
see Example 1b) was dissolved in 25 ml of saturated NH3 ethanol. The reaction
mixture Was maintained for 12-16 hous at room temperature Ethanol was then
evaporated and the residue was washed with ether. The yield of amide I was
05-g, which was obtained as an oil. R, 0.36 (Kiesel-gel, CHCl,- MeOH, 9:1).
[a]® 58.5 (c, 0.2, CHCL). lH—NMR spectrum in CDCl,, & (ppm):(1.8-2‘.3 (m,
C*H, - CH,, Pro, 4H); 3.3-3.5 (m, C’H,, Pro, 2H); 3.55-3.75 '(m, AB part ABX
system, C'H, Gly, 2H); 3.66 (s, CH,-CH,, 2H); 4.07 (dd, C'H, Pro, 1H); 4.37

fe  NTIX M., 1IN & K2 nnr‘ '7QK favu:ﬂr « W\ '7 ’)_'74 fm PH (129 ‘A wnnlueio
aaamns y rans

Sy AVEANSLYy AadJy W eer way wy avaagy ~—geeyy waagye &

Calcd for C,;H,,N,O,: G, 62.53; H, 6.48; N, 14.61. Found: C, 62.28; H, 6.54;
N, 14.53. ' ' C '
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Example 3. Synthesis of ethylester of N-phenyl-L-prolyl-f-alanine N-Phac-
L-Pro-B-Ala-OEt (III).

To solution of 0.61 g (2.6 mmol) N-phenylacetyl-L-proline (m.p.

151°C, [a]y -60.5° in DMF) in 25 ml CHCI, at -10°C, 0.29 ml (2.6 mmol) N-

methylmorpholine was added followed by 035 ml (2.6 mmol)

isobutylchloroformate. At 2 minutes, 0.4 g (2.6 mmol) hydrochloride of B-alanine
ethyl ester (m.p. 69-71°C) and 0.29 ml N-methylmorpholine in 4 ml CHCI, were
added to the reaction mixture solution. Stirring was prolonged under cooling for
40 minutes and then 2 hours at room temperature. The residue was filtered and
the solvent evaporated on a rotary evaporator. The remainder was dissolved in
CHCI; and washed with 5% solution of NaHCO,;, water, 1IN HCl, water, and then
dried over sodium sulfate and evaporated. The yield was 0.58 g or (98%) N-
Phac-L-Pro-B-Ala-OFEt, which was obtained as a transparent oil. R, 0.52 (Kiesel-
gel, CHCl, -MeOH, 9:1); R, 0.53 (Kiesel-gel, dioxane-water, 9:1); [a]7 92.25 (c
0.3, CHCL). '
'H-NMR - spectrum in (CD,),SO, & (ppm): 1.17 (t, CH,CH,-O, 68%
3H); 1.13 (t, CH,CH.O, 32% 3H); 1.7-2.2 (m, C*H,-CH,, Pro, 4H); 2.42 (m,
C™H,8- Ala, 2H); 3.2-3.3 (m. C*H,, Pro, 2H); ~3.40 (s, CH,C¢H,, 32% 2H) under
HDO-Signal; 3.66 (m, CH,CH;, 68% 2H); 4.01 (q, CH,-CH.O, 32% 2H); 4.04
(g, CH,-CH,0, 68% 2H); 4.41 (m, C*H,8-Ala, 2H); 4.21 (dd, C°H, Pro, 1H); 7.1-

- 7.36 (m, CH,-CiH,, 5H); 7.93 (t, NH, 1H). Analysis Calcd for C,;H,\N,0,: C,

65.03: H, 7.29; N, 842. Found: C, 65.37; H, 7.77; N, 8.38.

Example 4. Synthesis of amide of N-phenvlacethvl-L-prolyl-B-alanine N-
Phac-L-Pro-f8-Ala-NH, (IV). '

Gaseous ammonia was bubbled to saturation through an ethanol

solution (15 ml) of 0.36 g ethyl ester of N-phenylacetyl-L-prolyl-B-alanine,

obtained as in Example 3. After standing overnight the solvent was evaporated
and the residue was purified by column chromatography (silica gel), using CHCl,

ac alnant Tha amida T wine ~ htnimad nn nem A~ wlald NN o 721070 n nno
— wawmwaswe Aanw SsssiSn A T TV ULMMALIVLL MU WMIL Wil JAWIMS Ve &£ \WA /U). AN Ve O

(Kiesel-gel, CHCI; -methanol, 9:1); [a]® -22.8° (¢ 0.33; CHCL,).
'H-NMR (Me,SO-dy), & (ppm): 1.69-2.2 (m, C’H,-C'H, Pro, 4H);
2.16-2.31 (m, C*H,B-Ala, 2H); 3.1-3.3 (m, C°H,, B-Ala, 2H); 3.3-3.45 (m, C*H,,

Pro, 2H); 3.66 (s, CH,-CH,, 2H); 4.22 and 4.41 (every dd, C°H Pro, 1H); 6.84,
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7.36 and 6.86; 7.38 (each br. s,' NH;, 2H); 7.12-7.35 (m, CH,CH,, 5H); 7.89 and
8.22 (each t, NH B-Ala, IH) Analysis Caled: for C,;H;N;O;: C, 63.34; H, 6.99;
N, 13.85. Found: C, 63.81; H, 7;03;_N, 14.01. '

Examplé 5. Svynthesis of diethyl ester of N-phenviacetvl-L-prolyl-L-
' asparaginic acid. N-Phac-L-Pro-L-Asp (OEt), (V).

To a well-s'tirred;soluti'on of N—phenylacetyl-L-pfoline (1g; 43 mumol)
in absolute EtAc.(4'0 ml), N-methylmorpholine (0.48 ml; 4.3 mmol.) was added at
-10°C. Following this addition, 1so-BuOC(O)C1 (0.57 ml; 4.3 mmol) was added,
and after 2-3 minutes a mixture of L-Asp (OEt),HC! (0. 91 g 43 mmol),
N-methylmorpholine (0.48 ml; 4.3 mmol), and EtAc (15 ml) were added. Stlmng
was continued for 1 hour at--10°C.. After the mixture was allowed to stand for

1 bhour, the prec1p1tate was separated by ﬁltrauon the solvcnt was evaporated and

" the residue was dlssolved in a mixture of ethanol and ether. The resulting

premp;tate was separated, mother liquor was evaporated, and the residue (1.65 g)
was purified by column chromatography (Silica gel), using CHC1‘3 and the mixture
CHCL-EtOH, as eluents.. The “diethyl esterr of N-phenylacetyl-L-prolyl-L-
asparagmxc acid was obtamed as an’ oil: R, 0.87 (Kiesel-gel, CHC13-Et0H 9:3) [oJ
-38.0 (C 2.2; CHCL,).

'H- NMR Me,SO-d6), & (ppm): 1.23. (t, I=17.16 Hz, H,CH,0, 90%

3H); 1.24 t, J = 7.16, CH,CH,0, 10% 3H) 4.10 (g, CH,CH,-O, 90% 2H); 4.12

(@ CH,CE-0, 10% 2H); 125 (¢, J = 7.14, CH,CH,0, 90% 3H); 1.26 (¢, J = 7.14,
CH,CH,0, 10% 3H); 4.19 (q, CH,CH.0, 90% 2H); 4.21 (g, CH,CH.0, 10% 2H);
1.75-2.40 (m, C°*H,-C'H,, Pro, 4H); 3.45-3.65 (m, C'H, Pro, 2H); 4.58 (dd, J =
8.00; J = 2.59; C*H Pro, 1H); 2.78; 2.95 (dd, AB-part of ABX-system, J,; =
17.04; T = 4.88; Tox-= 4.88; C*H, Asp, 90% 2H); 2.80; 3.00 (dd, C'H, Asp,
10% 2H); 4.81 (dt, J = C°H, NH 8.50; C°H Asp I1H); 7.5 (4, J = 8.50; NH Asp,
90% 1H) 7.03 (d, J = 8.40; NHAsp, 10% 1H); 3.70 (s, CH,CH,, 2H); 7.20 - 7.36
(m, CJH,, SH). Analysis Caled. for C,H;N;0; C, 62.35; H, 6.99; N, 6.92.

™ _____ a2 R NN, TY TTNYT. WY £ "4
TUULU, oy U&LUJdy Liy 1.VLy 1Y, ULt
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Example 6. Synthesis of amide of N-phenvlacetyl-1-prolyl-L-asparagine,
N-Phac-L-Pro-L-Asn-NH, (VI). '

Gaseous ammonia was bubbled to saturation through a methanol

solution (25 ml) of 0.5 g N-Phac-L-Pro-L-Asp (OEt),, obtained as in Example 5,

at 0°C. After standing overnight the solvent was evaporated, the residue was

dissolved in the warm mixture of ethanol and chloroform, and pentane was added
to precipitation. The resulting precipitate was collected and dried to obtain the
amide of N-phenylacetyl-L-prolyl-L-asparagine (0.45 g): m.p. 170-172°C, R, 0.24
(Kiesel-gel, CHCI;-EtOH, 9:3), [a] -55.7° (c 1.4; DMSO).

'H-NMR [(Me,SO-d6)] (ppm): 1.60-2.30 (m, C*H, -C'H, Pro, 4H);
2.35-2.50 (m, C*H, Asn 2H) under signal of solvent; 3.63- (s, CH,-C/H;, 2H);
4.36 (m, C°H Pro, 1H); 4.4-4.6 (m, C*H Asn, 1H); 6.80-7.60 (m, CH,, 5H); 6.8-
7.1 (s, NH,, 4H); 8.15; 8.25; 8.35 (each d, NH Asn, 1H). Analysis Calcd. for
CH.NO;: C, 58.94; H, 6.41; N, 16.16. Found: C, 59.23; H, 6.66; N, 16.04.

Example 7. Synthesis of ethyl ester of N-benzoyl-L-prolylglycine, N-BZ-
L-Pro-Gly-OEt (VID). ‘
a) N-benzoyl-L-proline
To a well-stirred solution of L-proline (5.75 g, 0.05 mmole) in 2N
NaOH (25 ml), 4N NaOH (12.5 ml) and benzoyl chloride (5.8 ml, 0.05 mole)
were added dropwise from different drop funnels, maintaining the temperature near
0-4°C. The mixture after 15 minutes was acidified with IN HCl. The resulting
oil was extracted with CHCI,, the combined organic extract was dried (MgSO,),
and the solvent was removed. Ether was added to the residue and the mixture
was allowed to stand overnight at 0°C. The crystals of N-benzoyl-L-proline were
separated. Yield 3.42 g (60%), m.p. 152-154°C, [o]¥ -68.5° (c 0.4; CHCL); R,
0.13 (Kiesel-gel, CHCI,-CH,OH, 9:1). Analysis Calcd. for C,,H;;NO,: C, 65.73;
H, 5.99; N, 6.39. Found: C, 65.64; H, 6.03§ N, 6.54. |

h) Ethyl ester of N-benzovl-I-nrolvlglvcine

To a well stirred solution of N-benzoyl-L-proline (2.19 g, 0.01 mole)
in the mixture of absolute EtAc (50 ml) and DMF (10 ml), N-methylmorpholine
(1.12 ml; 0.01 mole) and iso-BuOC(O)Cl (1.34 ml; 0.01 mole) were added
dropwise at -10°C. Afier 2 minutes a mixture of NH,CH,COOEt-HCI (1.4 g; 0.01
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| mole), N-methylmorpholine (1.12 ml, 0.01 mole), and DMF (20 ml) was added.

After stirring for 30 minuteé_}under cooling and for 1.5 hours at room temperature

- the solvent was removed in vacuo.. The residue was dissolved in chloroform,

washed with 5% aq» NaHCO,, IN aq. HCl, H;O and then dried with Na,SO,.
After ﬁllratlon the solvent was evaporated To the residue ether was added, and
the resulting crystals of ester VI were separated. Yield 1.67 g (76%) m.p. 63-

165°C, [a)? 148.0° (c 0.4; CHCL); R, 0.71 (Kiesel-gel, CHCL,-CH,OH, 9:1).

H-NMR (Me,SO-d6) (ppm): 1.18 (t, J = 7.04, CH,CH,0, 75% 3H);

1.09 ¢ J = 7.04, CH,CH.O, 25% 3H); 1.73-2.28 (m, C’H,-C'H, Pro, 4H); 3.3-

3.4 (m, CH, Pro, 2H): 3.60 and 3.74 (dd, J = 5.87 and J = 8.22 C°H, Gly, 25%

2H); 3.85 (d, T = 5.87, C'H,Gly, 75% 2H); 4.10 (q, CH,CH.0), 75% 2H); 413

(g, CH.CH,O, 25% 2H); 447 (dd, C°H Pro, 25% 1H); 4.48 (dd, C°H Pro, 75%
TH); 7.33-7.62 (m, CH, SH); 8.36 (t, J = 5.87; NH, 75% 1H); 8.40 (¢, J = 5.87;
NEH, 25% 1H). Analysis Calcd. for C,HN,0,: C, 63.14; H, 661; N, 9.20.
Found: C, 63.56; H, 6.87; N, 9.48.

Example 8. Svnth;ggis of ethvl ester of N-iso-valervl-L -prolvlglycine. iso-
CH.C(0)-Pro-Gly-OFt (VIID).
a)  N-iso-valeryl-L-proline -
~ To a well stirred solutlon of L-prolme (1.15 g, 0.01 mole) in 2N aq

NaOH (5 ml), 4N aq. NaOH (2.5 ml) and xso—valeryl» chloride (1.4 ml; 0.012 -

" mole) were added simultaneously dropwise maintaining the temperature near 04°C.

After 15 minutes, the mixture was acidified (pH 2-3) with IN HCI and extracted

- with CHCl;,. ~The combined organic exwract was dried using MgSO,, and the

solvent was removed. N-xso-valeryl—L—proIme was. obtained as an oil. Yield
0.85 g, Rf=0.66 (Silica. gel, n-( H.,OH AcOH-H,O 5:1:2); [a]® -129.3° (c 0:6;
CHCL). '

'HNMR CDCL, 3 (ppm): 099 (¢, -CH(CH.), 6H>; 225 (m,
CH(CH,),, IH) 2. 3 (m, __JCH(CH,)-., 2H); 1.9-2.65 (m, CBHZ-C'Hq, 4H); 3.45-

3.‘79 (m LT Den "n’.n Q QK I'l-u- <, NN 1IN Ano‘ve'e Fa‘nﬂ fnr C T NN -

~— Aaga avsy ayy weww Y N A Ay Sy —— ey~

G, 60:27; H, 8.62; N, 7.02. Fo_und: C, 60.34; H, 8.74; N, 723.

‘o
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b) Ethyl ester of N-iso-Valeryl-L-prolylglycine

To a well stirred solution of N-iso-valeryl-L-proline (0.74 g; 0.0037
mole) in abs. EtAc (15 ml), N-ethylmorpholine (0.47 ml; 0.0037 mole) and iso-
BuOC(O)CI (0.5 ml; 0.0037 mole) were added. After 2-3 minutes, a mixture of
NH,CH,COOEt-HCI (0.52 g; 0.0037 mole), N-ethylmorpholine (0.47 ml; 0.0037
mole), and DMF (10 ml) was added dropwise, while maintaining the temperature
at -10°C 1o -5°C. Stirring was continued for 30 minutes under cooling and 1.5
hours at room temperature. The precipitate was separated by filtration, and the
mother liquor was evaporated. The residue was dissolved in chloroform, washed
with 5% aq. NaHCO,, H,0, IN aq. HCI, H,O and then dried with MgSO,. After
filtration the solvent was evaporated and the residue (0.6 g) was puﬁﬁed by
column chromatography (Silica gel), using CHC], as eluent. Yield VIII as viscous
colorless liquid was 0.49 g (49%);. R, 0.55 (Silica gel, CHCI,-CH,OH, 9:1), [0]¥
-113.4° (c 0.3; CHCl,). : :

'H-NMR (CDCl,), & (ppm): 0.99 (d, J = 5.97, CH(CH,),, 6H); 2.22
(m, CHMe,, 1H); 1.27 (t, J = 7.16; OCH.CH,, 3H); 4.18 (g, OCH,CH,, 2H); 1.75-
2.60 (m, C"Hz-C’H2 Pro, 4H); 3.35-3.70 (m, C°H,Pro, 2H); 3.96 and 4.02 (each
dd, C°H, Gly, 2H); 3.85-4.10 (m, CH,CHMe, 2H); 6.50 and 7.59 (each t, NHGly,
1H). Analysis Caled. for C,,H,N,0,: C, 59.12; H, 8.52; N, 9.85%. Found: C,
58.78; H, 8.74; N, 9.87.

Example 9. Svnthesis of N-benzoyl-L-prolyi-B-alanine ethyl estef, N-BZ-
L-Pro-B-Ala-OFEt (XI). ’
To a DMF solution (25 ml) of 0.9 g (6 mmol) B-Ala-OEt-HCl, 13 ¢
(6 mmol) N-BZ-L-Pro-OH, and 0.87 g (6.4 mrhol) N-hydrbxy-benztriazole, 0.83
ml (6.01 mmol) of triethylamine were added. The mixture was cooled to 3°C and
1.54 g (7.5 mmol) of DCC were added. The mixture was allowed to stand at 3°C
overnight, at room temperature for 1.5 hours, and then it was cooled to -15°C.
The reéul’ting DCU was removed by filtration. Aqueous potassium bicarbonate
was added to the filtrate to obtain precipitation. The precipitate was filtered.
washed with water and recrystallized from a mixture of ethanol and water. The
solid was filtered, washed and dried. Obtained 1.5 g (78.9%) of product, m.p. 88-
89°C, [a], -114.0° (¢ 0.5; CHCL,), R, 0.86 (Kiesel-gel, CHCl,-C,H,OH 9:1).
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'H-NMR spectrum in DMSO d6, & (ppm): 1 03 and 1.07 (each t,
CH, -CH-.O 3H); 1 6-2.3 (m, C*H,-C'H,Pro, 4H); 2.45 (t, C“H2 B-Ala, 2H); 4.04
(g, CH,CH,O, 2H), 3. 14 and 3 40 (each m, C“H2 Ala, 2H) 3. 3-3 6 (m, CH, Pro,

2H); 437 and 4.14 (each dd, C*H Pro, 1H); 7.33-7.62, (m, C;H,, 5H): 8.02 and

8.00 (each t, NH, 1H). Aunalysis Caled. for CHaN,O;: C, 64.15; H, 6.92; N,
8.80. Found: C, 64.23; H, 7.03; N, 8.91. :

Example 10. . Synthesis of N-phenylacetvl-L—grolzlglvcmmethvlaxmde, N-

Phac—L—Pro-Glg NHMe XV
A solution of 1.6 g (5 mmol) of N- Phac-L-Pto—Gly-QEt in 50 ml of

» ethanol was cooled to 0°C, then monomethylamine (dried through NaOH trap) was

" bubbled through the solution for 30 minutes. The solution was maintained at

15

20

25 .

30

room temperature for 5 hours. Ethanol was evaporated in vacuo. Ether was
added to the residue and the solid filtered, dried in vacuo at 25°C to obtain 1.6 °
g (99%) of the: produbt mp. 185 186.5°C [ -36.0° (c 05; CHCI,), Rf 0.66
(Kiesel-gel, dioxane-water 9:1). ‘ A

, *H-NMR spectrum- in DMSO-d6, & (ppm) 1.66-2.24 (m, C”HZ-C"I-I2
Pro, 4H); 2.49 (d, NHCH,, 85% 3H); 2.60 (d, NHCH,, 15% 3H); 3.61 and 3.63
(each m, C°H,Gly, 85% 2H); 3.52 and 3.62 (each m, C"H Gly, 15% 2H); 3.40-
3.60 (r, C*H,Pro, 2H); 3.70 (s, CHLAr, 85% 2H); 3.68 (s, CHAr, 15% 2H); 423
(dd, C°H Pro, 85% 1H); 4.44 (dd, C°H Pro, 15% 1H); 7.16-7.36 (m, CH,, 5H);
7.58 (q, NH-CH,, 85% 1H); 7.84 (q, NHCH3, 15% 1H); 8.38 (t, NHGly, 85% 1H);
8.36 (t, NI-IGly, 15% 1H). Analys1s Calcd. for Csz,N,O3 C, 63.34; H, 6.93;

‘N 13.86. Found: C, 63.61; H,675 N, 14.01.

Example 1L - Svnthesis of N-phenvlacetyl-L-prolylglycine. N-Phac-L-Pro-
Gly-OH (XVIID). . e .
A suspension-of 1.06 g (3 .5 mmol) of N-phenylacetyl—L-pfolylglycine;

ethyl ester (Example 1)'in 5 ml of IN NaOH was stirred at room temperature for
3 hours to obtain solution. Then it was acidified by 2N HCI-to pH 3. The
solution was evaporated in: vacuo to obtain an oil. The oil was dissolved in- 15
ml chioroform, the unsolubilized part was removed by filtration,.and the filtrate
was evaporated. Ether was added to the residue and the solid was filtered, and
dried in vacuo at room temperature to obtain 0.9 g (89.9%) of the pﬁducu mp.
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159-160°C (subl.), R, 0.54 (Kiesel-gel, dioxane-water 9:1), [a]® -85.8° (¢ 0.5
CHCL,).

'H-NMR spectrum in DMSO-d6, & (ppm): 1.80-2.25 (m, C*H,-C'H
Pro, 4H); 3.36-3.63 (m, C°H,Pro, 2H): 3.64 and 3.68 (each s, CH,-CH,, 2H);

3.86; 4.00 and 3.83; 4.02 (each dd, C°H.Gly, 2H); 4.57 and 4.44 (each dd, C°H

Pro, 1H); 7.11-7.38 (m. C,H,. 5H); 7.52 and 7.32 (each t, NH, 1H); 12.06 (br s,
COOH, 1H). Analysis Calcd. for C,H:N,0,: C, 62.04; H, 6.22; N, 9.64.
Found: C, 62.11; H, 6.26; N, 10.09. '

Further Preparatiom

In the same manner as in Example 1, a dipeptide of formula N-Phac-
L-Pro-L-Val-OEt (IX) was obtained using as starting reactants N-Phac-L-Pro-OH
and Val-OEt-HCl. This product had the following properties. Yield 72%, oil, R,
0.64 (Kiesel-gel, dioxane-water 9:1), [a]¥ -99.3° (¢ 0.35; CHCl,).

'H-NMR spectrum in CDCl,, & (ppm): 0.83 and 0.86 (each d, ] = 6.9
Hz, C°"H(CH,),Val, 90% 6H); 0.89 and 0.95 (each d, J = 6.9 Hz, C*H(CH,),Val,
10% 6H); 1.27 (t, CH,CH,0, 90% 3H); 1.28 (t, CH,CH,0, 10% 3H); 1.7-2.5 (m,
C™H,-CH, Pro, 4H); 2.25 (m, C*H Val, 1H); 3.4-3.7 (m, C°H,Pro, 2H); 3.7 (s,
CH.Ar, 2H); 4.18 (q, CH,CH.O, 2H); 4.38 (dd, C°H Val, ] = 8.4 Hz, J = 4.9 Hz,
90% 1H); 4.54 (dd, C"H Val, 10% 1H); 4.68 (dd, C°H Pro, 1H); 7.28 (m, CH,,
S5H), 7.44 (d, J = 8.4 Hz, NH, 90% 1H); 6.48 (d, NH, 10% 1H). Analy51s Calcd.
for C,oHuxN,O,: C, 66.63; H, 7.84; N, 7.76. Found: C, 66.58; H, 7.74, N, 7.85.

In the same manner as in Example 2, a dipeptide of formula: &3&
L-Pro-&Ala—NH» (XII) was obtained using as starting reactants N-BZ-L-Pro-B-
Ala-OEt. This product had the following properties: yield 75%, m.p. 135-137°C
(ether); R, 0.21 (Kiesel-gel, CHCI,-C,H,OH, 9:1); [a]® -41.6°C (c 0.45 CHCL).

'H-NMR spectrum in DMSO-d6, & (ppm): 1.68-2.20 (m, C*H,-C'H,
Pro, 4H); 2.24 (t, C°H,B-Ala, 2H); 3.21 and 3.10 (each dt, C°*H,-B-Ala, 2H); 3.30-
AR (m CPH.Pra 2H); 430 and 411 f(each dd C°H Pra 1H): £2£-722 {m,
CH; and NH,, 7H); 7.98 and 7.87 (each t, NH, 1H). Analysis Calcd. for
CisHN,O;: C, 62.28; H, 6.57; N, 14.53. Found: C, 62.31; H, 6.70; N, 14.58.
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‘ In the same manner as in EXamme 4, a dipeptide of formula N-BZ-
L-Pro-Gly-NH. ) was obtained from N-BZ-L-Pro-Gly-OEt. Yield 76%, m.p.
64-74°C (amorphous), R; 0.54 (Kiesel-gel, CHCL,-CH,OH 3:1); R, 0.3 (Kiesel-

" gel, CHCL-C.H,OH 9:1), [o]f -47.9° (c 0.45 CHCL).

'‘H-NMR spectrum in DMSO-d6, & (ppm):_ 1.68-2.00 and 2.05-2.30v
(m, C*H,-C'H, Pro, 4H); 3.3-3.45 (m, C°H, under HDO, 2H); 3.53-3.75 (m,

- C"H,Gly, 2H); 4.20 and 4.40 (each m, C°H Pro, 1H); 6.95-7.65 (m, C.H; and
- NH,, 7H); 8.05 and 8.41 (each t, NH, 1H). Analysis Calcd. for C,,HN;H,: C,

61.09; H, 6.20; N, 15.27. Found: C, 61.32; H, 6.31; N, 15.21.
The following were prepared in ‘a manﬁt_:r couespox'lding to

_ ~ Dipeptide of fonnul’a'N—Phac—L-Pro-le-NMg,_.@, yield 78%, the
oil, R, = 0.68 (Kiesel-gel, dioxan:water 9:1), [0 = -147.1°,‘ (C =0.1, CHCL); .
'H-NMR spectrum in DMSO-d,, & ('ppfn):' 1.71-2.06 (m, C*H,-C'H, Pro, 4H);
2.83, 2.93 and 2.84, 2.96 (each s, N(CH,),, 6H); 3.3-3.6 (m, 'CéHz Pro, 2H); 3.67
(s, CH,-C¢H,, 2H); 3.89 and 3.95 (eéch d, CH, Gly, 2H); 4.37 and 4.52 (dd each,
C°H Pro, 1H); 7.15-7.34 (m, CH,, 5H); 7.88 and 8.24 (each t, NH, 1H).

. Analysis Calcd. for C,,Hz,N'sogz -C, 64.32; H, 7.32; N, 13.23. Found: C, 64.53;

H, 7.48; N, 13.01.

Dipeptide of formula N-Phac-L.-Pro-L-Glu-(QEt), (XVD), yield 69%,
the oil, R; = 0.9 (Kiesel-gel, dioxan:water 9:1), R; = 0.7 (Kiesel-gel, CHCl,:EtOH
3:1) [oc]%f = -45.9°, (C=0.3, CHClLy); 'H NMR spectrum in CDCl,, 8 (ppm): 125
and 127 (each t, 2 CH,-CH,-O, 6H); 1.76-2.49 (m, C°H,-CH, Pro, C*H,-C'H,
Glu, 8H); 3.39-3.92 (m, CH, Prb, 2H); 3.71 (s, CH.-CH;, 2H); 4.13 and 4.19
(cach q, 2 CH;-CH,-0O, 4H); 4.35 and 4.49 (each m, C*H Glu, 1H); 4.49 and 4.61
(each dd, C°*H Pro, 1H); 7.15-7.38 (rﬂ,. C.H,, 5H); 7.30 and 7.43 (each Ad, NH Glu,
1H). Analysis Calcd. forl(laHmNzOG: C, -63.A13; H, 7.24; N, 6.69. Found: C,
€204- W 711- N AR ‘ ' ‘

. Dipeptide of formula N-Phac-L-Pro-L-Len-NH, (XVII), yield 83%,
mp. 174-175°C, R, = 0.5 (Kiesel-gel, CHCI,:E(OH 9:1) [a]? = -1014° (C =
04, CHCL); '‘H NMR spectrum in DMSO-d,, (ppm): & 0.82 and 0.88 (each d,
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CPH(CH,), Leu, 6H); 1.50 (m, C°H Leu, 1H); 1.31-1.93 and 1.7-2.40 (each m,
CPH,-CH, Pro, 4H); 3.43-3.67 (m, C°H. Pro, 2H); 3.69 (s, CH.,-CH;, 2H); 4.17
and 4.34 (each m, C*H Leu, 1H); 4.28 and 4.58 (each dd, C*H Pro, 1H); 7.0 and
7.13 (each s, NH,); 7.15-7.35 (m, CH,, 5H); 7.10-7.45 (m, two s, CH, and NH,);
7.86 and 8.27 (each d, NH Leu, 1H). Analysis Calcd. for C,H;;N;0,%0.5H,0:
C, 64.37; H, 7.98; N, 11.85. Found: C, 64.13; H, 7.70; N, 11.95.

Dipeptide of formula-N-Phac-L-Pro-GABA-OMe , yield 86%,
the oil, R, = 0.65 (Kiese]-gel, CHCI,:EtOH 9:1) [a]f = -93.6° (C = 0.4, CHCL,);
'H NMR spectrum in DMSO-d;, 8 (ppm): 1.63 (m, CPH, GABA, 2H); 1.65-2.15
(m, C*H,-CH, Pro, 4H); 2.29 (m, C°H, GABA, 2H); 3.05 (m, CH, GABA,
2H); 3.2-3.4 (m, C*H, Pro under HDO, 2H); 5.58 (s, OCH,, 3H); 3.66 (s, CH,-
CH,, 2H); 4.20 and 4.40 (each dci, C*H Pro, 1H); 7.02-7.37 (m, CH;, 5H); 7.85
and 8.20 (each t, NH, 1H). Analysis Calcd. for C,;H,,N,0,: C, 65.03; H, 729;
N, 842. Found: C, 6537; H, 7.41; N, 8.28. '

Dipeptide of formula N-Phac-L-Pro-L-Ala-OFEt (XX), yield 78%, m.p.
48-51° C, R, = 0.75 (Kiesel-gel, dioxan:water 10:1), [a]¥ = -99.2°, (C = 0.6,
CHCL); 'H NMR spectrum in DMSO-d,, 6 (ppm): 1.16 (t, CH,-CH,-O, 3H); 1.27
and 1.31 (d each, CH, Ala, 3H), 1.68-2.27 (m, C*H,-C'H, Pro, 4H); 3.46-3.61 (i,
C’H, Pro, 2H); 3.65 (s, CH,-C(H;, 2H); 3.98-4.14 (g, CH,-CH.-O, 2H); 4.19 and
429 (each dq, C*H Ala, 1H); 4.34 and 4.48 (each dd, C*H Pro, 1H); 7.12-7.36
(m, CcH;, 5H); 8.28 and 8.60 (each d, NH Ala, 1H). Analysis Caled. for
CHuN,O,: C, 65.03; H, 7.29; N, 8.42. Found: C, 65.07; H, 7.32; N, 8.45.

Dipeptide of formula N-C.H,,C(0)-L-Pro-Gly-OEt (XXI), yield 54%,
the oil, R, = 0.81 (Kiesel-gel, dioxan:water 9:1), R, = 0.86 (Kiesel-gel, -
CHCI,:EtOH 9:1) [a]? = -216°, (C=0.2, CHCL); 'H NMR spectrufn in DMSO-
ds, O (ppm): 0.90 and 0.91 (each t, CH;«(CH,),-, 3H); 1.19 (¢, CH,-CH-O, 3H);
1.27. 1.50 and 2.25 (two m and t. CH.-(CH.).. RH): 1.70-2.20 (m. C*H.-C"H. Prn.
4H); 3.35-3.50 (m, C°H, Pro, 2H); 3.78 and 3.82 (each d, C°H,, Gly, 2H); 4.08
(1, CH,;-CH,-0O, 2H); 4.30 and 4.36 (each dd, C*H Pro, 1H); 8.15 and 8.36 (each
t, NH Gly, 1H). Analysis Calcd. for C,;H,)N,0,: C, 60.39; H, 8.78; N, 9.38.
Found: C, 60.35; H, 8.84; N, 9.31. '
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Dipeptide of formula N-AdC(0)-L-Pro-Gly-OFt - , yield 81%,
mp. 177-179° C, R, = 0.93 (Kiesel-gel, CHCL:EtOH 2:3) [oJ¥ = 66.2°, (C =
0.6, CHCL); 'H NMR spectrum.ih DMSO-d,, & (ppm): 1.18 (t, CH,-CH,-O, 3H);
1.66, 1.88 and 1.96 (m, Ad); 1.62.0 (m, C*H,-C'H, Pro under Ad); 3.23-3.37 (m,
CH, Pro-; 2H); 3.72 and 3.84 (each dd, C*H,, Gly, J =_16.5, 2H); 4.08 (g, CH;-
CH.-O, 2H); 4.39 (m broad, C*H Pro, 1H): 8.07 (¢ broad, NH Gly, 1H). Analysis
Calcd. for Cu',HwNZO;: C, 66.28; H. 8.33; N, 7.73. Found: C, 66.49; H, 8.36;
N, 8.13. ' :

Dipeptide of Formula N-CiH,(CH,).C(O)-L-Pro-Gly-OFt , yield
84%, the oil, R, = 0.87 (Kiesel-gel, dioxan:water 9:1), R, = 0.75 (Kiesel-gel,

 CHCL:EtOH 9:1) [a]¥ = -90.1°, (C =08, CHCI,), H NMR specttum in DMSO-

ds, & (ppm): 1.18 (t, CH-CH »0; 3H); 1.64-223 (m, C*H,- C"H2 Pro, 4H) 1.79,
228, and 2.59 (m, two t, (CH.),-, 6H); 3.2-3.6 (m, C°H, Pro, 2H); 3.78 and 3.81
(each d, CH,, Gly, 2H); 4.07 and 4.09 (each q, CH;-CH,-0O, 2H); 4.33 and 4.36
(each dd, C"H Pro, 1H); 7.04-7.35 (m, CH;, SH); 8.18 and 8.47 (each t, NH
Gly, IH). Analysis Calcd for C;,,,I-IngzO;;' C, 69.05; H, 7.95; N, 8.47. Found:
C, 69.21; H, 7.99; N, 8.52.

Example 12.
Compounds according to the present invention, including the

compounds described in Examples 1-11, were checked for their ability to prevent

-memory decline evoked by maximal -eléctroshock (MES) or scopolamine in the

passive avoidance step-through paradlgm (equipment of Laffaette Co., USA). The
experiments described herem (Examples 12, 13, 15, and 19) were carried out using
randomly bred male albmolraxs of a weight of approximately 180-220 g. Each

substance was administered in ‘dose-0.1 mg/kg inu'apc;itoneally 15 min. before -

passive avoidance training Amnesia was produced by transcomeal maximal

plnr\rrhchm-]( 1mmpdmnalv after lnm-mmr ar ernnnlamina 71 mollrae cnhrntonannch)
mna. Spoiamine (1 I IS, Smocuanecnyy

administration 30 min. before learning. The retention was..tested 24 hours later
by the measurement of lateﬂcy of the entering of the dark compartment.

' The degree of antiamnestic activity’ was estimated according to
Buttler's modified formula:
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Latency drug - Latenéy amnesia ‘
x 100%

Latency control - latency amnesia

The higher the magni»tude of this indicator the more is the
antiamnestic activity.

In control groups of animals MES as well as scopolamine caused
amnesia: latency of the entering of the dark compartment was significantly
decreased. ‘ '

The compounds of the present invention caused a pronounced

antiamnestic effect: increasing values of latency and of AA index (Tables 1, 2).
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 Table 2
Influence of substances* on the amnestic effect
of scopolamine (1 mg/kg subcutaneouslv 30 min.
before the triaD) in passive avoidance test.
Latency (seé.)
Substances : Aa **
0.9% Saline Scopolamine o Scobolamine
. + substance
I 86.6 36 641 555
)i | 161.4. 55.2 45.6 9.0
I 163.9 - 521 78.6 237
v 138.9 47.1 94.9 52.1
A\ 158.9 - 583 48.1 -10
Vi ‘ 148 - 505 463 4.3
Piracetam C 118 28.9 642 393

(200 mg/kg)

*  Substances were administered in the dose of 0.1 mg/kg 15 min. before the learning

#  Aais calculated acéo’rding to the formula:

Latency subst. - Latency Scopol'amiﬁe '

Latency saline - Latency Scopolamine

X 100% - -

Taking into consideration excellent antiamnestic activity of Compound

I in both kinds of amnesia, this compound was chosen for further study.

It was shown that effectiveness of this substance is preserved after

its_peroral - administration; converted U-shape dose-response relationship was

5 demonstrated in the experiments with maximal electroshock amnesia (Table 3).
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Table 3

Dose-response relationship for Compound I revealed in
passive avoidance test with MES amnesia.

Dose (mg/kg)
per os 0.1 03 04 0.5 0.7 0.9 1.0 1.2 1.5
compound I)

Antiamnestic
activity . 19* - 9%+ 23% 43* 52% 36* 10* 16 10
(Aa) . .

* P < 0.05; ** P < 0.0! in comparison with control ‘animals.

Aa - antiamnestic activity in %.

The positive amnestic effect of Compound I was revealed also in the
situation of undertraining of the passive avoidance reflex. The facilitating effect
of compound I was shown in the case of its administration 15 min. before trial,

. immediately after it or 15 min. before the retrieval test (Table 4).
5 ‘ :
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Table 4 B
Comparative activity of Compound I and piracetam
: in_passive avoidance with different-
regimes of administration.

Mnestic activity (Ma, %%)"

Substance
(mg/kg) ' S '
Administration "Administration Administration
15 min. before " immediately 15 min. before
trial after tmal retrieval
Compound I : -
- 0.5, ip. 23* ) 14.0% o 32% -
Piracetam | ' | o ' )
200, ip. . 20.0% = .10 : RS - L

. * P < 0.05; ** P < 0.01 in comparison with control animals.

A Ma was calculated accoi:ding to the formula:

Latency drug - Latency control

X 100%

. 180 seconds - Lﬁtei_xcy control

Compound I may facilitate all main. phases of. memory formation:
input of information, consolidation and retrieval. Piracetam did not facilitate the

retrieval in these experiments.

Example 13. A - :
The. influence of Compound I on the active avoidance learning was
ctudied in shnttle-hox tect (TTan Rasile, Itély): The condifioned reflex of active
avoidance had .been dcvglopcd'for 5 days with 50 daily trials for each rat. The
learhipg task consisted in the rats’ avoiding of the electric shock applied through

the cage floor directly after sound. Rats could avoid the shock by moving into

_ another compartment of the ca{ge, but only while the sound was present (3 sec.).
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Compound I (0.1 mg/kg daily i.p.), administered 14 days before the learning and
every day during the learning, was demonstrated to be able to facilitate the
learning ability (Table 5).

Table 5
The influence of Compound I on the learning ability
estimated in shuttle-hox test.

Group : Percentage of the rats reached
the stable avoidance

Days of learning 1 2 3 4 5
Control 0 0 0 29 71
Substance 1 0 15 43* 57* 67

* P < 0.05 in comparison to control.

In other experiments, stable active avoidance reaction was damaged
by simultaneously switching of sound and electrical footshock for 5 trials.

Compound T prevented the impairment of avoidance (Table 6).
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Table 6 :
The influence of Compound I n the condltmnal active

avoldance reflex after damage.

Percentage of avoidances during 5 tnals

Example 14.

GroupBefore - ' After damage

’ damage  1-5th trhals 6-10th trials 11-15th tdals
Control 850463  60.0+11.3* " 82.5+103 : 85.0+7.3
Compound I 88.914.8 -86.713.3%* - 83.9+4.8 97.8£2.2

*P <00l in companson ‘with the amount of the avoidances before damage

** P < 0.01 in comparison .with control

The effect of Compound I on acute ﬁabituation of locomotor
activity was estimated accor&ing to diminution of 1ocomotiohs during 30 minutes.
Experiments were performed on outbred albino male mice (18 22 g) placed in
groups of 10 animals in reg1$trat10n cage (Optovamnex, Colomb USA).

Compound I, administered 15 minutes before the beginning of

registration in the dose range 0.05-5.0 mglkg was demonstraced to increase the

degree of habituation (“negative learning") without changing of initial locomotor
activity (Table 7). ' '

-
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Table 7
Effect of Compound I on habituation (extinction
of exploratory behavior reaction)

Habituation Index”

Dose, mg/kg

0.05 0.1 0.5 2.5 5.0
‘ Compound I 30* 10* 15%* 25% 27*
Control 55 53 67 89 63
(saline)

A 'Habituation mdex ratio of motor acuvxty during Jast 5 minutes of recording to motor
activity in the first 5 minutes of recording, in %%.

* P <005

** P <001

Example 15.

The impairment of leaming and memory was achieved also by frontal
lobectomy, which was performed after passive avoidance or active avoidance
learning. Compound I (0.1 mg/kg) was administered beginning from the first post-
operational day and lasting for 9 days. The testing was performed at 4th and 9th
days. In the control group (false operation) the passive ‘and active avoidance
learning did not change. The frontal lobectomy has as a consequence the decrease
of the latency of the entering of the dark compartment; Compound 1 restored the
passive avoidance reaction (Table 8). '

Lobectomized rats showed the whole absence of the active avoidance
reflex at the 4th day and weak tendency to its restoration at 9th day.' Compound
I increased the percentage of the animals performing the active avoidance reaction

and the coefficient of the preserving (Table R).
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Table 8
The influence of Compound 1 on mnestic
functions in the lobectomngd rats

FRONTAL LOBECI' OMY
Groups - False
N . - _Operation ) 4th. day ) Oth dav

Control Comp 1 Control Comp. I

Passive avoidance 180 A . 519 1412
test (latency, sec) . .

Active avoidance 71.8 ' 0 281 9 38.1*%
test - coeff. of _ .
preserving, %%**

%% of avoiding rats o100 0 42.8+ 166  571*

* P < 0.05 compared with control;‘
** this coeﬁiment was calculated accordmg to the formula:

. Nl’ - N‘ . - N N9
Coeff = X100% or . X 100%

Nl- ’ ) .. Nl

where "N" means the amount of the trals, suft' cient for the stable reﬂex before the
operation (N;), 4th (N,), and 9th (N,) days, respecnvely :

Example 16. » '

The commve 1mpmrment in the rat’s offspnno was provoked by
prenatal aicoholization or prenatal hypoma. Prenatal alcoholization was. achieved
by peroral administration of 5 g/kg/day (25% solution) ethanol to pregnant female

5 rats during whole pregnancy. To achieve 'prenataI hypokia the rats on the 15th
day of pregnancy-were placed into hypobaric barometric chamber (the "elevating”

nenn
UP oJvv 1 mul.uuc, UAPUDLUUH L\JL l- llUu.lD}

The treatment of the offspring was performed from 8th day to 20th
day. Compound I was administered in the dose of 0.1 mg/kg/day subcutaneously.
10 -The testixig was perfofmedi on two-month old rats.
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It has been established that both kinds of damage (alcoholization,

hypoxia) caused learning disorders in active avoidance test. Early postnatal

administration of Compound I restored learning activity (Table 9).

Table 9
Influence of Compound 1 on_rat’s offspring learning,
damaged bv_prenatal alcohohzatmn or
prenatal hypoxia

Rats with reflex of active avoidance in %%

Group Days of learning " Days of retention
1 2 3 4 5 1 2

Control 0 9 -50 73 86 68 79

Prenatal 0 0 33 50~ . 250 65

alcoholization _ ,

Prenatal 0 0 55 g2 78* 89

alcoholization

+ Compound I

Prenatal 0 0 0 31~ 540

hypoxia

Prenatal 0 0 25%  68*% 88+

hypoxia+ '

Compound I

* P<0.05

** P < 0.01 in comparison with damaged group

.* P < 0.05 in comparison with control

Prenatal alcoholization was shown to diminish the degree of the

hok-h\ohnn vn tha Aanan fiald Chean: M) mnatmatnl ademinintentiam ~Af Moo A
———— sw  wprwas aswases waLL WA, PSS MMUALMO MMMV Vi WAL VMILG A

restored the normal course of the habituation (Table 10).
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f . Table 10
Influence of compound I on locomotor activity
of offspring after prenatal alcoholization

Number of horizontal movements

~ Groups - Days of observation’ ~ Coefficient of
1 5 . Habituation
Comwol ' 76 31 o 04
Prenatal S 100 . BIA 08I
alcoholization SR - ‘
- Prenatal .. 82 - 3F - 0.45*%

alcohelization +
Compound I

* P < 0.05 in comparison with alcoholized group .

A P < 0.05 in comparison with control

Example 17.- . _ )
The influence of Coinpound I on age-related mental decline was
studied in experiments on 24-month Wistar rats. The substance was administered
chronically in the dose of 0.1 mglkglday. during 24 days, intraperitoneally before
the testing and 14 days dunng testing. 4 :
Registration of the locomotor activity in the Optovarimex multichannel

analyzer has shown that Compound I increased the initial horizontal activity being

administered chronically. The testing of the activity during 5 minutes revealed the
decrease of the motility, due to acute habituation ("negative leaming”). This test
is suitable for the study of nootropics. In the control group the coefficient of the

habituation was 0.29. Comnonnd T nretreated animals showed more pronounced

‘ habituation with coefficient 0.03 (Table 11).
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: Table 11 :
The influence of Compound I on the age-related
mental decline

Locomotor activity (counts) Passive avoidance
test (latency, sec)
Groups Time of Coefficient
registration of habituation 24 hours 14 days
1st min. 5th min. (ratio -

5th min/1st min)

Control 244 72 0.29 111 107

Compound I  422* 13%* 0.03* 128 132* -

* P < 0.05 as compared to the control.

Chronic administration of Compound I facilitated the retention tested
24 hours and especially 14 days after Jearning in passive avoidance test (Table
11). It is evident from these experiments that Compound I is able to improve
mnestic function in the old rats. '

Example 18.

The protective effect of Compound I in hypoxia was assessed using
the barometric chamber by "elevating" of the outbred albino mice (18-22 g) to the
altitude of 11,000 m at a speed of 1000 m/min. Afier 1 hour exposiﬁon the
percentage of surviving mice after 0.9% saline pretreatment was 15%. Compound ‘

I (0.5 mg/kg) 15 minutes before hypoxia increased this value to 43.7%.

Example 19.

~ The influence of Compound I on body weight and food consumption
was studied in the experiments on the outbred rats. The substance, administered
during 3 weeks in dose of 0.1 mg/kg/day inﬁapeﬁtoneally'slowed the dynamics
of weight increase in comparison to control: the increase of the weight (in %%

to the initial one) was 12% in the treated group and 24% in the control group.
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The amount of ‘;hé consumed chow checked between 19th and 21st

days was less for treated animals (394.5 g/day/rat) than for control ones (68.6
g/day/rat). The obtained data shbws an anorexigenic effect of compound I

Example 20. _
Compound 1 w:is checked for gross behavior and acute toxicity in

~outbred male mice (18-22 g). Compound I in t;heﬂose ‘range 1-10 mg/kg i.p.

neither stimulated nor depressed the spontaneous motor activity and did not
enhance the .stimulating. effect of amphetamine on it. In this dose range
Compoimd I also did not change rectal temperature. In the dose of 25 mg/kg
compound I diminished the stxmulatmg effect of amphetamme

Up to the dose of 500 mg/kg it did not. change ‘motor coordmanon

(rota rod test) and did not. disturb the general condmon (gross. behzmor) of the

animals.
In the dose of 500-3000 mglkg i;p it did not cause lethality at 24
hours. In the dose of 1000 mg/kg compound I caused excitement in 50% of

animals. In the dose of 5000 mg/kg i.p. compound I caused death in 50% of

animals.

Example 21.

The influence of Compodnd I on withdrawal syndrome caused by the
interruption of chronic administration of ben-zo-diazepine'tfanquﬂizer phenazepam'
(T.A. Voronina et al,, In Fenazepam; A.V. Bogatsky, Ed.; Naukova dumka
Publishers: Kiev, 1982; pp. 67- 169) was studied in éxperiments on male albino.
rats welohmg 190-200 g at t.he begmmng and 300-350 g at the end of the
experiment. A
Phgnazepam (Z_mg/kg intraperi;oh_ea‘lly) or salii_te (c_omrql group of
rats) were given once daily for 57 days. The withdrawal syndrome occurred 24-
72 hours after the last injection. The withdrawal éyndrome in rats consisted in

Nomvinmansa_ 172" tora ocreaccivanace and nnnn’a—afnr‘ Aavialamenant ~AF rindlad
THoliilalane Unmmie Gppivuie s waswun  sssss  swewavaseess uvvv‘vr‘.uuul- Vi SasvaLw

seizures caused by pentylentetrazol. Compound I was administered to the
withdrawn rats in doses of 0.5 mg/kg inu'apcﬁtoneaily 15 mihﬁtes _prior to testing.

_ The conflict situation test was used to reveal the "anxiety" of rats
(JR. Vogel et al, Psychopharmacolomg 21, 1-7 (1971)). This expt_anment
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involved previous training of water deprivated rats to drink water from a trough.

Next day electrical stimulation was given by a 0.5 mA electric current through the

_ trough. A conflict situation was created by clashing of the two different reflexes

(drinking and self-defense).

Rats withdrawn from phenazepam 24 hours after stopping a chronic
exposure showed a reduction in the incidence of drinking compared with the
control group. This behavior in the conflict situation test can be considered as
"anxiogenic-like" one. Compound I antagonized the "anxiogenic-like" response to
benzodiazepine withdrawal and increased incidence',of drinking in the conflict
situation (Table 12).

Table 12 .
The Effect of Compound I on the "Anxiogenic-Like"
State Evoked by Phenazepam Withdrawal

"The amount of the
Groups Punishment Response

Control 3175 £ 6.44

Phenazepam withdrawal
+ Saline 12.08 + 1.83*

Phenazepém withdrawal
+ Compound 1 48.40 £ 12.39%* .

* P < 0.05 in comparison with the control group (Student t-test)

** P < 0.05 in comparison with the phenazepam withdrawal.

. The threshold of the aggressive behavior was determined in the
experiment on the rats (R. Tedeshi et al.,, J. Pharmacol. Exp. Ther., 125, 28-34
(1959)). The paired rats were placed on the electrified floor; the strength of the
current, which provokes the fighting, was registered.
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Phenazepam withdrawn rats; showed the decrease of this threshold.
Compound I, being administered to the 24 hours w1thdrawn rats, was demonstrated

. to be able to mcrease the threshold of aggresswe rcsponse (Table 13).

" Table 13 13
The Effect of Compound ound I on the Aggressiveness
Evoked by Phenazepam Withdrawal

" Groups o Aggression Threshold (mA)

‘Control 071+ 002
Phenazepam' 21602

 Phenazepam withdrawal

+ Saline® C 0481003

Phenazepam withdrawal

+ Compound * . . 092 £ 0.1*

* P < 0.05 in comparison with phénazepam withdrawal group (U - criterium).
# Immediately after the last administration of phenazepam. -

# 24 hours after the last administration of phenazepam.

The seizure. reactions of rats were studied using chemical kindling
(C.R. Mason et al,, Epilepsia, 13, 663-674 (1972); R.M. Post et al., Handbook of
Biological Psychiatry, Part TV, No. 7, Marcel-Dekker (1981) pp. 609-651)

‘ produced by small doses of pent’yiene—tettﬁzol @35 mg/kg, intraperitoneally)

administrated 24, 48 and 72 h after phenazepam withdrawal. The degree of
seizures was evaluated by 4 points: tremor (1 point); -jerk (2 pomt) clonic
seizures (3 points); tonic seizures and death (4 points).

“Our expenmenrs pointed out that the pentylenetetrazol seizures were

more pronounced in. phenazepam withdrawn . rats tharm in the control one. '

3
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Compound I diminished the degree of kindling provoked by pentylenetetrazol

(Table 14).
Table 14
The Effect of Compound 1 on Seizures Produced by
Pentylenetetrazol (Kindling Test) During Phenazepam
Withdrawal, 24, 48 and 72 hours after
the Last Chronic Injection ‘
Seizure Reactions in Points
Groups . M £ m)
24 h 48 h ' 72 h
Control | 0.75 £ 0.32 1.0 £ 0.35 - 1371033
Phenazepam withdrawal :
+ Saline 1.0 £ 041 1.86 £ 0.25 2.37 £ 045
Phenazepam withdrawal
+ Compound I 0.25 £ 0.12 0.87 + 0.1* 0.5 £ 0.24*

* P < 0.01 in comparison with 48 h phenazepam withdrawal group (u-test).

It is obvious from these experiments that Compound I is able to
diminish the syndrome of benzodiazepines withdrawal: it decreases the anxiety,

aggressiveness and pentylenetetrazol induced: kindling.

All patents, patent documents, and publications cited herein are
incorporated by reference. The foregoing detailed description and examples have
been given for clarity of understanding only. No unnecessary limitations are to
ba underctond therefram  The invention ic not limited to the exast detaile chowm
10 and described, for variations obvious to one skilled in the art will be included

within the invention defined by the claims.
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'We Claim:
1. A cpmpound of the formula:
0
R~ C-L-Pro-NH- CH [Cszn c”
Y ‘ :
5 - & o Ps
wherein: R' = (C-Cy) alkyl, cycloalkyl amlkyl or aryl;

"R*= H, (C,-C,) alkyl, carbatmdoalkyl or carbalkoxyalkyl;

R’ = hydroxy, alkoxy, amino, alkylamino, or dialkylamino;

and
n = 0.'3.

2. The compound of claim 1 of the formufa:

R' - ﬁl L-Pro - Gly - R’
0

wherein: | R‘
or -
phenylpropyl; and
R’ = 'NH, NHCH;, N(CH), OH, or OCH,.

.The compound of claim 1 of the formula:

R’-ﬁi-L—Plso-B-Ala-R3
0

.

- wherein: © R' = phenylmethyl or phényl; and

Lok} WITY . . AA/NTY
IN S 1vEly UL WUl

iso-butyl, pentyl, A»_1-adamanty1; phenyl, phenylmethyl,

Vv
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The compound of claim 1 of the formula:

R - ﬁ - L-Pro - L-Val - OCH,
0

wherein: R' = phenylmethyl or phenyl.

A compound of the formula:
-C:H,CH, - fl: - L-Pro - L-Asn - NH,

0

A compound of the formula:
C5H5CH2 - % - L-PIO - L-ASp - (OC:Hs)z

0

A compound of the formula:
CH,CH, - fI: - L-Pro - Gly - OC,H;,

0

A compound of the formula:
CH,.CH, - f’i - L-Pro - L-Glu(OC,Hy),

0

A compound of the formula:

CH.CH. - C - L-Pro - L-Ten - NH.
|
0
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A compound of the formula:

CsHs. - CHz- ICI - L-Pro -L-Ala - OQHS .
0

A compound of the formula:

CgHsCHy- C=L- Pro- NHCH,( CHy),C7
b © . T0OCH,

A process for preparation of a dipeptideamide aécording ‘to claim 1
comprising the ste;i of: synthesizing said amide by ammonolysis of a

dipeptide-ester.

A pharmaceutical composition containing as an active substance a

- pharmaceutically effective amount of an N-acylprolyldipeptide having the

formula:

) ' . 0
R~ C-L-Pro-NH-CH-(CH,),~C”
It R

0

~

. R
: 3
Rs _

wherein: ~ R'= (Ce-C,) alkyl, cycloalkyl, aralkyl, or aryl; |
R?*= H, (C-C,) alkyl, carbamidoalkyl, or carbalkoxyalkyl;
R’ = . hydroxy, dlkoxy, amino, alkylamino, or dialkylamino;
n= 02 ' : ' - '

—— -

A romnnnnd arcnrdino tn claim 2 nnceaccine neurhntranir artivity includina
A comnnnng Accoriing to e sgecsing peuchofromic achivity, meludma

antiamnestic activity, and improVement of cognitive function damaged by

brain trauma, intoxication, aging, and hypoxia.

]
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A compound according to claim 2 exhibiting antialcoholic 'activity and

diminishing mental decline in prenatally alcoholized offsprings.

A compound according to claim 2 demonstrating anorexigenic effect.

A compound according to claim 2 demonstrating high stability by preserving
activity after peroral administration, without acute toxiciry at doses 20,000

times higher than antiamnestic doses.

A method of treating human suffering from mental decline caused by brain

trauma, aging, senile dementia, and mentally retarded children, “which

. comprises: administrating an effective dose of the compound in accordance

with claim 2.

A method of treating human suffering from obeéity, which comprises

administrating an effective dose of the compound according to claim 2.

The method of claim 18 wherein a dose of from about 0.5 to 5 mg per day
is administered.

A method of treating human suffering from chemical toxicity CNS effects
which comprises administering an effective dose of the compound according

to claim 2.

The method of claim 21 wherein said chemical toxicity CNS effects are

caused by lead poisoning.

A method of treating sickle cell anemia which comprises administering an

effective dose of the compound according to claim 2.

A compound according to claim 2 demonstrating the ability to diminish

benzodiazepine withdrawal syndrome .manifested by aggression, anxiety, and

seizures.
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" A method of treating human suffering from benzodiazepine withdrawal

syndrofne; which combrise_s adminiétering an effective dose of the compound

of claim 2.

A method of 'trgating' human suffering fffom alcohol witf_ldrawal, which

comprises administering an effective dose of the compound of claim 2.
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